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NASA GRANTEE SUBCONTRACTOR 

NEW TECHNOLOGY REPORT 

hLACA . rcquircs cach rcscarch grantee, research contractor and research subcontractor to report new technology to the 
NASA i cchnology Utilization Office. The required reports and corresponding schedules for rcscarach grantee 
subcontractors arc as follows: 


Title of Report 
Individual Disclosure 


Interim Report 


Form Number Timetable 


NASA 666A 


The grantee subcontractor discloses each discovery of new technology 
individually, at the time of its discovery. 


LeRC-GSNTR For multi-year grant subcontracts, the subcontractor summarizes the 
previous year's disclosures on an annual basis. The first Interim New 
Technology (NT) Report is due exactly 12 months from the effective 
date of the subcontract. 


Final Report 


Subontractor Name 
and Address: 


Report Submitted by: 
Telephone Number: 


LeRC-GSNTR The grantee subcontractor submits a cumulative summary of all 

disclosed discoveries. This Final NT Report is submitted immediately 
following the subcontract's technical period of performance. 

Massachusetts Institufp o f Technology 

Department of Ma ter i a l s Science and Engineering 

Z2— Massachusett s Ave. 

Cambridge. MA Q2122 

R« M„ Pelloux __ • • ■ 

(617) _2J12 - 3314 


NASA Grant Title: 


NASP Institute for Composites mini 


NASA Grant Number: _NCC 3- 218 


NASA Grant Monitor: OAI Mike Knasel 

Subcontract Completion Date: 8 / 31 / 94 


Today's Date: 


%J22J3h. 


New technology may be either reportable items or subject inventions. 

A reportable item is any invention or discovery, whether or not patentable, that was conceived or first actually reduced to practice during the performance 
e contract or subcontract Large business contractors and subcontractors must disclose reportable items as they are discovered and submit a 

™ w . .s** ^ °, f * heSe ” eW technol °gy items an annual basis [ref: Interim NT Report] and a cumulative list at the completion of the contract for 

subcontract) period [ref: Final NT Report]. v 


SU ject invention is any invention or discovery, which is or may be patentable, that was conceived or first actually reduced to practice during the 
pe ormance of the contract or subcontract, Small business contractors and subcontractors must, at a minimum, disclose subject inventions as they are 
subcont t) ^“‘7 p° mUlaliVe Ikt of these new lechnolo Ey iIems on an annual basis [ref: Interim NT Report] and at the completion of the contract (or 


r 11 bUSmcSS contractors and subcontractor are only required to disclose and report patentable items (subject inventions). We request, however, 
for n..M! Uslne “ co “ trac,ors and subcontractors disclose both patentable 'and nonpatcntable (reportable) items, both of which are automatically evaluated 
tor publication as NASA tech briefs and considered for NASA Tech Brief awards. 7 

PLEASE COMPLETE TIIE REVERSE SIDE OF THIS FORM AND MAIL TO TOE FOLLOWING ADDRESS: 


NASA LEWIS RESEARCH CENTER 
ATTN: KATHY KERRIGAN 
TECHNOLOGY UTILIZATION OFFICE; MAIL STOP 7-3 
CLEVELAND, OHIO 44135 


LeRC-GSNTR 

7 / 01/93 



j NASA 


New Technology Report 


Form Approved 
O.M.8. No. 2700-0009 


NT CONTROL NO. lOUiaat use onty) 



| 

The main goal was to measure the elevated temperature tensile and 
creep properties of a SiC f iber-reinf orced titanium metal matrix 
composite. 



* Supplying this information is voluntary, in accordance with Public Law S3-579 (Privacy Act of 1S74). However, it is required for 
eligib ility in the establishment of Space Act monetary awards. 

JASA FORM 666 A APR 85 PREVIOUS EDITION IS OBSOLETE. 
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SECTION II (Con.) 


^ItT^/L “ UN,QUE 0R NOVEL FEATURES OF THE TECHNOLOGY AND THE RESULTS (OR BENEFITS) OF ITS APPLI- 

U A II ON (Enter as appropriate A. -Novel or unique features; B. -Developmen t or conceptual problems; C - Operating characteristics t test data; 

D. -Analysis of capabilities; —Source of error; and F, -Advan tages/shortcomings) 


Co Test data results are given in attached report and in MS thesis. 
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SCS-9/Beta 21S Composite 


Beta 21S: Ti-15Mo-2.7Nb-3Al-0.2Si 
(weight percent) 

SCS-9: SiC fiber 

Composite: 0.24 fiber volume fraction 
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(0/90)s SCS-9/Beta 21S RT and 815°C Stress-Strain Curves 


Random 0° Fiber Fracture 


90 Fibers Debond from Matrix 


7 9°° Kbers Debondfrom Matrix Followed Closely by Random Fracture of 0° Fibers ' 

1 ' 11 1 1 1 1 1 1 I ' 

00025 °-° 05 0 007 5 0.01 0.0125 0.015 

Strain (mm/mm) 





(90) 4 SCS-9/Beta 21S RT and 815°C Stress-Strain Curves 


Matrix Yielding 
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Fiber/Matrix Debonding 


Fiber/Matrix Debonding Followed 
Closely by Matrix Yielding 


Strain (mm/mm) 
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Temperature Dependence of the UTS 
of SCS-9/Beta 21S Composite Layups 



Temperature (°C) 



Temperature Dependence of the Elastic Modulus 
of SCS-9/Beta 21S Composite Layups 
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— (0) 4 SCS-9/Beta 21S 

— (0/90) s SCS-9/Beta 21S 

— (90) 4 SCS-9/Bcta 21 S 
■ * - Monolithic Beta 21 S 


Temperature (°C) 





Specific UTS of (0) 4 Composites 
and Two Nickel-base Alloys 
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-(0) 4 SCS-9/Beta 21S v f = 
•(0) 4 SCS-6/Ti-15-3 v f = 

(0) 4 SCS-6/Ti-6242 v f = 

(0) 4 SCS-6/Ti-14-21 v = 
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Creep Test Parameters and Specimen Geometry 


Test Parameters 



(0)4 

650°C 

552, 586, 655 MPa 


815°C 

276 MPa 

(0/90), 

650°C 

276, 345, 414 MPa 


815°C 

103 MPa 

(90)4 

650°C 

34, 69, 138 MPa 


815°C 

21, 34 MPa 



6.000 10.100 




2.00 R± 0.010 


NOTE: ALL DIMENSIONS IN INCHES 


Creep Curves for (0) 4 SCS-9/Beta 21S 

































S3H3NI NI SNOISNHWIQ TIV :H10N 


ioo'o+asz^o 


OIO'O + dOOT 


IOO'O + OOrO 


ioo‘o+osro 


TOO'OT ez.ro 


0---I 


0I0‘0 + 00’I 


ooro+ooo’9 


ooiminj js 9 j punoi dijs 9 uoz-£ . 
sSuijdnoo nrauiugijB ggpa-gjuq ajqnoa . 
SJJ9SUI 9DEJ JB[J IfllM sdug §UI[dnOO ggpgM CIV . 
U0IJ99[[09 BJBp OIJBUIOinB l[JIM J9JS9J d99I9 HUB J 9 A 9 J gj^r • 


anbiuipaj. <M3(I W* sjsax daaj3 



SUItlJOA JUBJSUCQ • 

liiouno lueisuo^ • 
XjIApSISQJ lU^JSUO^ • 

:suoi|duinssy 


^Wd(j)l = Wo(j)dWl = (j)A 


anbiuqaax QJ3Q sjsax 





DCPD Curves for (0) 4 SCS-9/Beta 21S 
650°C / 276 MPa 


O V t (mV) 

• V 2 (mV) 


I 61 : ~ 


i®e>®e>®®®e>(®®® <! 


I L® 8 ' 


Time (hr.) 










DCPD (V/V 0 ) 


Normalized DCPD Curves for (90)< SCS-9/Beta 21S 

650°C / 21 MPa 




Quantitative Correlation of DCPD Readings to Creep Strain 

HJMfc) 




Mr= 




650 C / 21 MPa 

Creep Strain = [(V/V o ) 0 - 5 - 1] x 100% 


650°C / 34 MPa 
Creep Strain Measured by 
Capacitive Extensometer 


Time (hr.) 




Conclusions 


' mi*?* of (0)4 and (0/90) s SCS-9/Beta 21S decreases by almost 

50% from the room temperature values, indicating that operating temperatures 
s ould be less than 650 C to take advantage of the specific strength as well 
as the specific elastic modulus of these composite layups. 

• The tensile properties of SiC fiber-reinforced titanium composites are 

dependent on the properties of the fiber reinforcement as well as the fiber 
volume fraction. 

Fracture mechanisms in (0)4 SCS-9/Beta 21 S are a combination of random 

liber failure throughout the specimen and matrix microyielding around 
fractured fibers. 

Failure of (90)4 SCS-9/Beta 21 S is dominated by the properties of the metal 
matrix. 

Fracture mechanisms in (0/90). SCS-9/Beta 21 S are a combination of 
fiber-matrix debondmg, random fiber fracture of the 0° fibers and matrix 
microyieldmg around debonded 90° fibers and fractured 0° fibers. 
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